Summary Plasma concentrations of certain hormones linked to breast cancer risk were measured in agepooled samples from 3,250 rural Chinese women in 65 counties, and 300 British women, all aged 35-64. In age-groups 35-44, 45-54 and 55-64 respectively, mean oestradiol concentrations were 36% (P = 0.043), 90% (P< 0.001) and 171% (P = 0.001) higher in the British than in the Chinese women, and mean testosterone concentrations were 48% (P<0.001), 68% (P<0.001) and 53% (P = 0.001) higher in the British than in the Chinese women. The difference in testosterone concentrations between the two countries appeared to be due largely to the lower average body weight in the Chinese women. Sex hormone binding globulin did not differ significantly between the two countries in age groups 35-44 and 45-54, but was 15% (P = 0.002) lower in the British than in the Chinese women at ages 55-64. Prolactin concentrations did not differ significantly between the two countries in any age group.
The large international variation in breast cancer rates suggests that it may be possible to reduce the rates in high risk populations (Doll & Peto, 1981) , but the reasons for this variation are still not fully understood. Breast cancer risk is clearly related to several reproductive factors (Kelsey, 1979) . Pike et al. (1983) showed that the approximately six-fold higher rates of breast cancer in the USA than in Japan were not due to differences in age at first birth, nulliparity or age at menopause, but that differences in age at menarche and post-menopausal weight could explain some 70% of the difference in rates. They suggested that the remaining difference in breast cancer rates may be due to differences in hormone levels in the premenopausal period.
The hypothesis that populations with low rates of breast cancer have low levels of oestrogens (and perhaps of other hormones) should be easily testable, but the results of previous studies which compared oestrogen levels in low and high risk populations have been confusing. In an early study, MacMahon and his colleagues found lower levels of urinary oestrone (El) and oestradiol (E2) in premenopausal Oriental women than in premenopausal Western women (MacMahon et al., 1974) , but differences in such urinary oestrogens are not necessarily reflected in differences in plasma oestrogens. Moreover, Hayward et al. (1978) concluded from studies of a group of women in Tokyo that there were no striking differences in urinary El or E2 between Japanese and British premenopausal and post-menopausal women, and they reported a similar lack-of difference between the plasma oestrogens of these women. Gray et al. (1982) also found no differences in plasma oestrogens in their studies of teenage girls in Japan and the USA. The reason for these discrepancies is not clear, but it is possible that the women and teenagers studied by the latter groups may no longer have been characteristic of a low risk population. In a small study, Goldin et al. (1986) found lower urinary and serum levels of El and E2 in recent Oriental immigrants to Hawaii. These investigators paid special attention to ensuring that the women studied had come from true low-risk populations.
The current study utilised plasma samples from a large number of rural, non-Westernised Chinese women in 65 counties of China. A previous survey of these counties had shown that the mean cumulative breast cancer mortality rate for ages 0-64 in 1973-75 was 3.0 per 1,000 (Li et al., 1981; Chen et al., 1990) 
Methods

Subjects: China
The selection of normal subjects and collection of blood in China are described in detail in the monograph by Chen et al. (1990) (35-44, 45-54, 55-64 
Assays
All measurements on British samples (30 pools) were made in duplicate, but due to the small volume of the Chinese plasma samples (0.5 ml, 390 pools) only single measurements were made on each sample, and for some pools there was insufficient plasma to measure all the hormones. In each assay batch most of the samples were Chinese, with the British samples spread approximately equally between batches.
E2 was measured with a non-extraction coated tube radioimmunoassay kit (Diagnostic Products Corporation, Los Angeles, USA). Intra-and inter-assay coefficients of variation were 13.1% and 8.8% respectively at a concentration of 556 pmol 1'. Values below the lowest E2 standard (70 pmol 1`) were estimated by extrapolation of the standard curve. For two Chinese communes, the E2 concentration in Figure 1) . In all three age groups E2 concentrations were significantly higher in the British than in the Chinese women (by 36%, 90% and 171% respectively in successive age groups).
The results for T were similar to those for E2, with a decrease in both countries with increasing age but significantly higher concentrations in the British women (by 48%, 68% and 53% respectively in successive age groups) (Table II) . One Chinese county had a high T value (4.3nmoll1') in the 35-44 age group. The other hormone values for this pool were well within the normal female range, and no explanation could be found for this outlier. T was significantly positively correlated with body weight among the Chinese women (Pearson correlation coefficients were 0.24, 0.32 and 0.48 in successive age groups), and examination of scatterplots of T with weight suggested that much of the difference in mean values between the countries may be due to the difference in body weight (Figure 2) .
The mean values for SHBG did not differ significantly between the two countries except in the 55-64 (postmenopausal) age group, where the mean value was 17% to 20% less than that at earlier ages in the British women, but only 4% less in the Chinese women (Table II) .
HPr decreased with age in both countries, but did not differ significantly between the two countries, although the mean value for the 35-44 age group was 26% higher in the British women than in the Chinese women (Table II) . (1976) reported that E2 does not vary consistently during the day in post-menopausal women, but that plasma T is about 25% higher in the morning and afternoon than in the evening, so the Chinese T results may be biased upwards a little in comparison with the British T results. SHBG falls during the night (Moore & Bulbrook, 1988) but does not vary significantly between morning and early evening (Key et al., 1990) . HPr is high during the night and falls after waking (Gray et al., 1981) , but rises a little during the afternoon and early evening (Wang et al., 1984) , so that the direction of any bias between countries in our results for HPr is not clear. In a study in Finland (which is much further north than China), Kauppila et al. (1987) found that mean E2 and T concentrations in premenopausal women were 13% and 12% lower respectively during the darkest months (November to January) than during the lightest months (May to June), so it is possible that the Chinese samples in the current study are a slight underestimate of year-round E2 and T. Kauppila et al. (1987) found that seasonal changes in mean SHBG and HPr concentrations were negligible.
The samples were pooled according to age rather than menopausal status. The pools for ages 45-54 therefore represent a mixture of premenopausal and post-menopausal women, and the lower E2 level in China than Britain for this age group is partly due to the earlier menopause of the Chinese women. The E2 values for ages 35-44 and 55-64, however, show that mean plasma E2 in both premenopausal and post-menopausal women is lower in rural Chinese women than in British women.
The results of previous studies of oestrogens in premenopausal and post-menopausal Oriental women (living in their homeland or recently immigrant) and Western women are summarised in Table III . Except for the study of Gray et al. (1982) , the studies have found lower oestrogen levels in premenopausal Oriental women. The differences reported by Hayward et al. (1978) are likely to be underestimates because the Japanese samples were collected on averge 3 days later in the cycle, and therefore probably closer to the luteal phase peak of E2 (Bulbrook et al., 1976) .
In premenopausal women most E2 is produced by the ovaries and there is no clear relationship between weight and E2, at least within the normal weight range (Zumoff et al., 1981) . Rose et al. (1987a) found that a reduction in the percentage of energy from fat from 35% to 21% for 3 months in premenopausal women caused a decrease in serum E2 concentration. The mean percentage of energy from fat in the Chinese counties surveyed was 15.0% (range 5.9-45.2%), much lower than the mean percentage of energy from fat in Britain in 1980 of 42.6% (Ministry of Agriculture, Fisheries and Food, 1982) . It is possible that the lower E2 of the Chinese women aged 35-44 is due to their low fat diet, but the difference might also be due to other dietary constituents, or to differences in exercise or in other aspects of lifestyle. The Japanese teenagers studied by Gray et al. (1982) almost certainly had a low fat intake (probably 20-25% of energy from fat), but this did not produce low oestrogen levels.
The other recent studies of post-menopausal Oriental women have found lower oestrogen levels than those in Western women (Table III) , but the earlier study of Hayward et al. (1978) found no evidence of this. We cannot explain this discrepancy, other than to suggest that it might be related to the relative affluence of the Japanese subjects in that study.
In post-menopausal women E2 is derived largely from adrenally secreted androstenedione (Judd et al., 1982) , and most studies have found that plasma concentrations of E2 are positively correlated with body weight (Davidson et al., 1981; Begg et al., 1987) . Although significant correlations between weight and E2 were not found in this age group within China or Britain (data not shown), this was probably due to the poor assay precision in this E2 range, and it is likely that at least part of the difference in E2 in this age group is due to the large difference in body weight between countries. However, the 171% increase in mean E2 for a 40% increase in mean weight is larger than would be expected; for example the results of Davidson et al. (1981) would predict only an approximately 50% increase in E2 in the British women. It appears, therefore, that another factor or factors must be involved, such as a direct effect of a low-fat diet (Boyar et al., 1988; Prentice et al., 1990 ).
The Chinese women had, on average, later menarche, earlier first birth, higher parity and earlier menopause than the British women, and all of these factors would produce lower breast cancer mortality in the Chinese. The differences between the Chinese and British women in mean E2 concentrations are consistent with an oestrogen hypothesis for breast cancer, and are large enough when taken in conjunction with the other risk factor differences to explain the whole of the difference in breast cancer rates (Pike et al., 1983; Pike, 1990) . It is possible that age at menarche and parity are themselves related to breast cancer risk partly through a relationship with long-term changes in hormone levels (Trichopoulos et al., 1980; Bernstein et al., 1985; Apter et al., 1989) , but they may also be related to breast cancer risk through other mechanisms (e.g. the possible effect of pregnancy on breast cell differentiation).
The lower T of the Chinese women in this study is consistent with the results of previous studies of Oriental women (Hill et al., 1985; Goldin et al., 1986) . The data suggest that the lower T of the Chinese women may be largely due to their lower weight. This conclusion is compatible with the positive correlation between T and body weight reported in some other studies (Kopelman et al., 1980; Bates & Whitworth, 1982; Wild et al., 1983) , although not in all (Vermeulen & Verdonck, 1978; Adami et al., 1979) .
The current study showed very similar SHBG concentrations in women aged 35 to 54 in China and Britain, in agreement with previous studies of premenopausal Oriental women (Moore et al., 1983; Bernstein et al., 1990) . In the 55-64 age group, however, the Chinese had higher values than the British. The post-menopausal decrease in SHBG in British women was shown clearly in a previous analysis of samples from 1221 women in the Guernsey cohort (Moore et al., 1987) . The absence of this effect in the Chinese women might be related to their low body weight or to their low T levels. Previous studies of post-menopausal women have not found significantly higher SHBG in Oriental women than in Western women, but the Oriental women in those studies were heavier than those in the current study (Moore et al., 1983; Shimizu et al., 1990) . The similarity between SHBG levels in Chinese and British women aged 35-54 is interesting, because of the large difference in mean body weight between the two countries and the inverse correlation between SHBG and weight within both countries: a similar phenomenon was noted in a comparison of SHBG and weight in British and Egyptian women (Anglo-Egyptian Health Agreement Collaborative Study, 1988) .
Previous studies have found no difference in HPr between Oriental and Western women (Hayward et al., 1978; Gray et al., 1982) . The current results support this conclusion, but some caution should be maintained because bioassays may provide a better measure of HPr than do current radioimmunoassay methods (Rose et al., 1987b) . HPr declines with increasing parity (Yu et al., 1981; Wang et al., 1984) , but the effect is small beyond three births (Wang et al., 1987) , so the difference in parity between the Chinese and British women in the current study would not have been expected to have a large effect on HPr.
